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Abstract. Outcrops of  Cambrian sediments of  the uppermost Miqrat Formation, the Al Bashair Formation and the 
basal Barik Formation were sampled for conodont and palynomorph studies. The units are part of  the Palaeozoic 
Haima Supergroup, exposed in the Huqf-Haushi area in central eastern Oman, Arabian Peninsula. Palynomorphs 
were absent but conodont samples yielded a small conodont fauna. The presence of  Muellerodus? erectus allows the 
recognition of  the Muellerodus? erectus Zone established for North China (late Paibian – early Jiangshanian), in accor-
dance with previous reports on the trilobite fauna from the same interval.
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IntroductIon
The Cambrian to lower Silurian Haima Su-
pergroup is essentially composed of  siliciclastic 
rocks. Part of  the Haima Supergroup crops out in 
central eastern Oman, whereas the whole sedimen-
tary succession of  this supergroup is known from 
the subsurface of  the Ghaba and Fahud salt basins 
and neighbouring areas (Milson et al. 1996; Droste 
1997; Pollastro 1999) (Fig. 1A). The Haima Super-
group is composed of  three groups and ten forma-
tions (Fig. 2A) and it unconformably overlies the 
Ediacaran-Cambrian carbonates and evaporites of  
the Ara Group and the clastics of  the Nimr Group 
(Fig. 2A). The combination of  detailed sedimen-
tological studies of  outcrops and subsurface data 
generated by the Petroleum Development Oman 
(PDO) makes the Haima Supergroup an important 
segment in the lower Palaeozoic succession on the 
Arabian Peninsula.
The base of  the Supergroup is composed of  
Cambrian terrigenous sediments (Amin and Miqrat 
formations of  the Mahattta Humaid Group) that 
upwards grade into the shallow marine Al Bashair 
Formation (Forbes et al. 2010). Above, several se-
quences of  marine to fluvial/deltaic deposits define, 
from base to top, the Barik, Mabrouk, Barakat and 
Ghudun formations of  the Cambrian – Ordovician 
Andam Group (Forbes et al. 2010, see Fig. 2A). 
The Haima Supergroup is mainly known from the 
subsurface of  Oman, but sediments of  the Amin 
to Barik formations interval are exposed in central 
eastern Oman (Fig. 1). In the Oman mountains, re-
stricted tectonic windows expose the Amdeh For-
mation which is composed of  sandstones, siltsto-
nes and shales. The Amdeh Formation is correlated 
with the Ordovician Ghudun Formation and Saih 
Nihayda Formation (Lovelock et al. 1981; G. Booth, 
pers. comm. 2014) known from the subsurface.
Hitherto, correlation between subsurface oc-
currences of  the Al Bashair Formation and outcrops 
was based on lithostratigraphic comparisons. Tipi-
cally, the lower part of  the formation contains more 
limestones and dolostones, while the upper part is 
more sandy with only a few carbonate beds.
The scope of  the present work was to sam-
ple the outcropping section in the Huqf-Haushi 
area (Fig. 1) from the top of  the Miqrat Formation, 
through the whole of  the Al Bashair Formation to 
the basal part of  the Barik Formation for palyno-
logy and conodont investigations. More precisely, 
the aim was to obtain two independent biostrati-
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graphic data sets to improve correlation between 
outcrops and subsurface strata. Unfortunately, the 
palynological samples were barren, but a small co-
nodont fauna was recorded.
Here, we present the first record of  Cambrian 
conodonts from the Arabian Peninsula extracted 
from oolithic limestones of  the Al Bashair Forma-
tion.
LocatIon and LIthostratIgraphy
The Al Bashair Formation is ubiquitous in 
the subsurface of  Central and North Oman, where 
it may reach 400 m in thickness (Forbes et al. 2010), 
and it reaches the surface in the Huqf-Haushi area 
in central eastern Oman (Fig. 1). It is an important 
regional hydrocarbon seal. The formation is com-
posed of  shales, siltstones, carbonates and sandsto-
nes deposited in a marine environment (Forbes et 
al. 2010; Marjibi et al. 2010; Marjibi 2011). The suc-
cession is typically arranged in metre-scale, gene-
rally coarsening upward, cycles (Fig. 3), where fine 
sandstones or silty dolomites and shales are capped 
by oolithic and stromatolithic limestones (Forbes 
2010; Marjibi 2011). Towards the top of  the forma-
tion, limestone beds become less common and the 
cycles are usually capped by bioclastic, carbonate-
rich sandstones. The base of  the cycles is domina-
ted by red-brown mudstones in the upper part of  
the formation (Fig. 2B). The presence of  limestone 
and dolostone beds is a characteristic feature of  the 
Al Bashair Formation in an essentially siliciclastic 
Haima Supergroup. They represent the only upper 
Cambrian carbonate sedimentary rocks in the Ara-
bian Peninsula.
Fig. 2 - A) General stratigraphy of  the Haima Supergroup (adapted 
from Forbes et al. 2010); B) schematic lithological column 
of  the Al Bashair Formation (adapted from Marjibi 2011) 
with trilobite and brachiopod occurrences from Fortey 
(1994).
Fig. 1 - A) Geological sketch of  Oman with emphasis on the Palaeozoic features (adapted from Droste 1977 and Lovelock et al. 1981); 
B) simplified geological map of  the Huqf  area (adapted from Millson et al. 1996) with sample locations.
Cambrian conodonts from Oman 237
Bagnoli G, Machado G. & Marjibi S.  238
prevIous work
The available paleontological data for the Al 
Bashair Formation are restricted, but include trilo-
bites from the outcrops and palynomorphs from 
subsurface sediments.
Fortey (1994) investigated trilobites from the 
Al Bashair and basal Barik formations in outcrops 
and recognized three different faunas comparable 
to the trilobite assemblage succession from North 
China and other paleo-tropical Gondwana regions. 
The trilobite faunas indicate a Furongian (late Cam-
brian) age (Fig. 2B).
Forbes et al. (2010) and Molyneux et al. 
(2006) investigated the palynostratigraphy of  the 
Al Bashair Formation from subsurface sediments. 
They erected biozone 1108A for this unit, indica-
ting a Furongian age (late Cambrian). They obser-
ved typical Cambrian palynomorphs including 
Ninadiacrodium dumontii (Vanguestaine, 1973), Vulca-
nisphaera spp. and Cristallinium cambriense (Slavíková, 
1968) among others.
MaterIaL and Methods
Twelve shale and siltstone samples for palynology from the 
Al Bashair and uppermost Miqrat formations outcropping in the 
Huqf-Haushi area were collected (Fig. 1B, Fig. 2). Green and grey 
shales and siltstones were preferably sampled, occurring just be-
low the limestone or carbonate-rich beds at the top of  each metre-
scale cycle. Occasionally, trace fossils that are considered indicative 
of  marine sedimentation, are present. In addition, these intervals 
are frequently the less weathered and best exposed of  the cycles. 
Samples were taken several decimetres below the surface to avoid 
the weathered part of  the outcrop. Palynology samples, approximately 
100 g each, were processed at Petroleum Development of  Oman, by 
use of  standard methods.
Twenty-one limestone and carbonate-rich sandstone samples 
were collected for conodonts from the uppermost part of  Miqrat For-
mation and the Al Bashair Formation. The uppermost part of  the 
latter formation did not have a suitable carbonate lithology for extrac-
tion of  conodonts (Fig. 1B, Fig. 2B). Five of  these samples were also 
processed for palynology. Conodont samples (about 2 to 3 kg each) 
were processed at the Department of  Earth Sciences, Pisa University, 
by use of  standard techniques. No heavy liquid separation was done.
The sampled interval is approximately 300 m thick. Coor-
dinates in WGS84 of  the position of  the three productive samples, 
C13, C15 and C17, are 20.97878N and 57.91972E, 21.01147N, and 
57.93610E, 21.01488N and 57.93227E respectively.
Figured specimens are deposited in the Department of  Earth 
Science, University of  Milan, Italy (MPUM 7200).
Fig. 3 - Exposure of  the Al Bashair Formation showing coarsening upward cycles and position of  sample C15.
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resuLts
Palynology
The palynology samples provided very little 
organic residue larger than 15 µm and were barren 
in terms of  palynomorphs. Most samples contained 
inertinite particles and rare amorphous organic matter. 
Most likely, the highly oxidative rock weathering that 
prevails in a desertic, essentially flat area such as the 
Huqf, destroys organic matter in rocks or leaves inerti-
nite particles as the ones observed.
Conodont fauna
Only samples C13, C15 and C17, which were 
collected from bioclastic and oolitic limestones from 
the middle part of  the Al Bashair Formation, yielded 
conodonts. It is worth noting that similar lithologies 
collected at the base of  the formation did not dissolve, 
possibly due to dolomitization. Samples C18, C20 and 
C21 did not dissolve. The carbonate-rich sandstones, 
even though bioclastic, did not prove suitable for co-
nodont extraction. The interval from sample C10 to 
C15 produced fossiliferous residues containing bra-
chiopod fragments and moulds of  monoplacophoran 
molluscs. Sample C13 contained moulds of  trilobite 
fragments.
The Furongian conodont fauna recorded from 
samples C13, C15 and C17 includes protoconodonts 
and paraconodonts (Tab. 1). Samples C13 and C17 
yielded only few protoconodonts represented by Pha-
kelodus elongatus (Zhang in An et al., 1983). Sample C15 
includes several specimens of  Phakelodus elongatus and 
a small number of  paraconodonts (Fig. 4). The spe-
cimens are translucent and white to amber in colour.
The paraconodonts include two specimens of  
Prooneotodus gallatini (Müller, 1959), one specimen of  
Muellerodus? erectus Xiang in An et al., 1983 and two 
specimens of  Nogamiconus sp. In addition, one frag-
mentary specimen of  Westergaardodina sp. and one of  
Furnishina sp. are present (Fig. 4).
Furongian conodonts from the interval below 
the lowest occurrence of  the euconodont Proconodontus 
in Gondwana regions are mostly known from North 
China (An 1982; An et al. 1983; Bagnoli et al. 2014) 
and South China (Dong & Bergström 2001; Dong 
et al. 2004; Qi et al. 2006), where conodont biostra-
tigraphy was established and correlation with trilo-
bite biozones was produced (Fig. 5). Little is known 
about conodonts from this interval outside China. Lee 
(2014) introduced the Prooneotodus rotundatus Zone for 
an interval below the first appearance of  Proconodontus 
in the Taebaeksan Basin, Korea, but the lack of  index 
conodont taxa (Lee, 2014, p. 40) prevents a precise 
correlation with the chinese biozones. The only other 
reports of  conodonts from Gondwana from the same 
Fig. 4 - SEM pictures of  specimens 
from the Huqf-Haushi 
section, sample C15. A-B) 
Prooneotodus gallatini (Müller, 
1959), lateral view; C-D)
Nogamiconus sp., lateral view; 
E) Muellerodus? erectus Xiang, 
1983, lateral view; F) Phake-
lodus elongatus (Zhang, 1983), 
lateral view; G) Westergaar-
dodina sp. posterior view; 
H) Furnishina sp., posterior 
view; I) mould of  a mono-
placophoran mollusc.




Furnishina  sp. 1
Muellerodus ? erectus 1
Nogamiconus sp. 2
Phakelodus elongatus 1 93 6
Prooneotodus gallatini 2
Westergaardodina  sp. 1
                          Total 1 100 6
Samples
Tab. 1 - Occurrence of  conodonts in the Huqf-Haushi section.
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interval are those of  Müller (1973) from northern Iran 
and Ghaderi et al. (2008) from central Iran. Assem-
blage zones 1 and 2 introduced by Müller (1973) and 
the Furnishina-Westergaardodina Assemblage zone intro-
duced by Ghaderi et al. (2008) include long ranging co-
nodont taxa, thus preventing a precise biostratigraphic 
assignement.
In spite of  the low number of  recovered spe-
cimens, it is possible to assign the productive interval 
from the Al Bashair Formation to the M.? erectus Zone 
of  North China (An 1982), owing to the presence of  
the eponymous taxon. According to An (1982), the 
M.? erectus Zone is defined at the base by the last oc-
currence of  Westergaardodina matsushitai Nogami, 1966 
and at the top by the last occurrence of  M.? erectus. 
Prooneotodus gallatini first occurs within this zone.
Bagnoli et al. (2014) investigated the Cambrian 
conodont succession from the Tangwangzhai section 
in the Shandong Province, North China, and demon-
strated that the M.? erectus conodont Zone correlates 
with the Chuangia and lowermost part of  the Changsha-
nia trilobite zones. In China the M.? erectus Zone 
extends from the upper part of  the Paibian Stage to 
the lowermost part of  the Jiangshanian Stage (Fig. 5). 
In the Tangwangzhai section the first occurrence of  
Changshania is just before the last occurrence of  M.? 
erectus, at a level close to the demise of  the SPICE 
(Steptoan Positive Carbon Isotope Excursion) event 
(Glumac & Walker 1998; Saltzman et al. 1998). In the 
Huqf-Haushi outcrop, Changshania was reported (For-
tey 1994) few meters below sample C15 with M.? erec-
tus, thus indicating a latest Paibian – earliest Jiangsha-
nian age (Fig. 2B).
concLudIng reMarks
The scope of  this work was to sample the sec-
tion from the top of  the Miqrat Formation, through 
the Al Bashair Formation and to the basal part of  the 
Barik Formation for palynomorphs and conodonts to 
improve the correlation between outcrops and subsur-
face strata. Unfortunately the negative results from the 
palynology samples and the limited conodont recove-
ry preclude broader conclusions.
The newly obtained results point to a latest 
Paibian – earliest Jiangshanian Age of  the Furongian 
Epoch (Muellerodus? erectus Zone) for the middle part 
of  the Al Bashair Formation. Cambrian conodonts 
are here reported for the first time from the Arabian 
Peninsula.
Further investigations on the Al Bashair For-
mation biostratigraphy and the correlation of  outcrop 
and subsurface sequences are dependent on the avai-
lability of  suitable lithologies for both palynology and 
conodonts, and especially non-weathered samples. 
For this purpose, shallow cores in the Huqf-Haushi 
outcrop area seem a reasonable option.
Fig. 5 - Correlation of  Furongian 
(part) conodont zones in 
North China, South China 
and Korea with trilobites 
biozones in North China.
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